The experimental values for the left-hand-cut contributions in T= 1 nudeon,nucleon scattering in the elastic region are analysed by the one-, two-and three~pion-exchange contributions. As the two-pion-exchange amplitudes, we use the ones calculatecl. by Furuichi and Watari from the CGLN amplitudes for N+N~TC+TC. The three-pion-exch~~~e amplitudes are treat~d phenomenologically by bosonizing them. The results show that we can explain nucleon-nucleon scattering by the uncorrelated two-pion-exchange contributions without scalar meson if we take the small cutoff for the squared momentum of the exchanged pions as tma"X"'-'9J1.2. It is also found that the three-pion-exchange modes would not contribute if we take g1t2/4TC as 14.4, the usually assumed value, or larger and that the effective coupling constants of the three-pion modes are g~v/4TC<10 aridg~s/4TC<20, assuming the reso.nance masses as the effective masses for the three-pion modes. § 1. Introduction It is well known that the interaction between two nucleons is explained by the one-pIon exchange when .these two nucleons are separated far away from each other. When two nucleons get closer, deviation of the nuclear forces from those of the one-pion exchange arises and becomes significant for r<1.5 X h//1C (/l: pion mass). It has been shown that this deviation can be attributed to the contributions from. the single exchange of an 1=0 vector meson (the (j) meson), an 1=1 vector meson (the p meson) and ~ri 1=0 scalar meson (with its mass 400"-'600 Me V) (the One-Boson-Exchange model) .1)
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Therefore, it IS natural to associate this meson with the pion-pion interaction in the two-pion exchange between nucleons which is strong, but not leading to a resonance.
Though such an interpretation is very appealing, the theoretical and experimental situation about the low energy pion-pion interaction is still uncertain and the theoretical analysis of the effects of pion-pion interaction to the two-nucleon interactions is not fully developed. On the other hand, the low energy pion-nucleon interactions are fairly well explored experimentally and theoretically and the uncorrelated two-pion-exchange effects due to such interactions have been extensively studied. It has been shown that these uncorrelated parts of the two-pion states with angular momentum L = 0 and 1 show a behaviour very similar to those contributions from the 1=0 scalar meson and the 1=1 vector meson, respectively, as far as nucleon-nucleon scattering is concerned. 2 ), 3) This result suggests that even the uncorrelated two-pion-exchange may explain the absence of the 1=0 scalar meson. However, no detailed comparison has been made so far between the theoretical results and the experiment.
The purpose of the present paper is twofold. The first is to compare the theoretical calculation of the uncorrelated two-pion exchangeS) with experiment and the second is to examine the contributions from the three-pion exchange in ·phenomenological way.4)
The two-pion-exchange effects are very sensitive to the mean value of the c.m.s. energy of pions or to the cutoff momentum for pion-pion system. Large cutoff momentum implies large amplitudes and quite a small value of the cutoff momentum has to be assumed to give the uncorrelated two-pion-exchange amplitudes which have' magnitude similar to that of the scalar meson in the one-boson-. exchange model. We have to examine whether the uncorrelated two-pion exchange can really replace the scalar meson, and a detailed discussion also has to be made as to how the 1=1 vect,or exchange in the OBE model will be shared by the uncorrelated two-pion-exchange effects and the p-meson effects.
The analysis of the three-pion exchange is needed to investigate a more inner region of nuclear interaction, and it is also desirable to have a consistent analysis of the two-pion-exchange effects. § 2. Kantor amplitudes, one-boson-exchange amplitudes and
two-pion-exchange amplitudes
In the one-boson-exchange model the unitarity requirements are guaranteed by the K-matrix method, or by solving the Schrodinger equation for the oneparticle-exchange potentials or its relativistic version of the dispenion relation with replacing the left-hand-cut contributions by some boson poles.
In the dispersion, :relation approach, Kantor has proposed to estimate the following quantities from experiment,5),6)
and to compare them with the one-boson-exchange amplitudes, instead, of solving the dispersion relation for appropriately assumed left-hand-cut contributions by the Nj D method, etc. Here
. 2zj) (2) and S~ is the partial wave S matrix with angular momentum land 1n the nucleon mass and E and p the nucleon energy and momentum in c.m.s., respectively.
Since the second term of the right-hand side of Eq. (1) is the so-called righthand-cut term, hex can be considered as the experimental value for the left-handcut contribution. In the following we call hex the Kantor amplitude.
In the calculation of hex' Kantor has only put constraints on the contributions from e:oergy region higher than 310 MeV by unitarity conditions and his results are, therefore, very crude as experimental data. 6 ) We have reestimated them which are tabulated in Table 1 . The whole results have been given in a separate' paper. 
State
~ : The amplitudes in this (3) Here suffix i corresponds to the independent amplitude of each boson. Here g/ is explicitly written to stress that the amplitude is proportional to the square of the nucleon boson coupling constant.
In this paper we discuss only the T= 1 nucleon-nucleon states. Therefore, gi2/4n has to be identified with the sum of the coupling constant of the isoscalar meson and that of the isovector meson, assuming the same masses for both mesons,
. and for the existence of meson i. vvhich has only one kind of coupling type, the g//4n has to be positive definite.
In the case of vector meson, there are three types of amplitudes having It is clear from its definition that the g/ corresponding to G v Iv can be negative. In addition to the pole contributions, we consider also the contributions from the two-pion continuum which are taken into account explicitly without making the pole approximation for them. The scattering amplitudes h2~" of the contributions from the uncorrelated two-pion continuum calculated from the CGLN amplitudes 8 ) forN + N->n + n are given in reference 3). The magnitude of these two-pion-exchange amplitudes depends on the value of the upper limit tmax for the square of the sum of the momentum of exchanged pions, t = -(k 1 +k 2 Y. In Table II we summarized h 2 :" which are used in the present analysis.
In this case we may put Qr (4) In Eq. (3) ore 4) the coupling constants ofbosons with nucleon are determined so as to minimize the following' chi-square:
. Error of Kantor amplitudes . . , if we obtain negative coupling constants except forG v iv, we consider the corresponding bosons to be unreal. We also ignore the follovving relation between the coupling constant of vector meson (7) (Remember that G v iv is not G v xiv.)
We determine the coupling constants 111 terms of the experimental data of only four states. We have, however, found that the fit of the right-hand side of Eq. (3) or (4) to the left-hand side is generally very good for higher angular momentum states if the obtained X,7\in is not far larger than X
•
The S waves are discussed in a succeeding paper. 9) In this paper the spin 0 and 1 mesons are considered. These are the minimum kinds of boson necessary to approximate two-and three-pion exchange 111 their lowest configurations.
In order to avoid complication we fix the masses of mesons as follows. Table III . This table clearly indicates the necessity of a scalar meson contribution in the OBE model. Only the case which involves scalar meson has a X~in consistent with )(2 and in all other cases X~in are greater tha'n )(2 by factor 7 or more.
This scalar meson has to be of 1= 0 and mass 400r-J600 MeV. Unfortunately, however, such a meson has not been confirmed experimentally so far. We may consider, therefore, the case that such a meson is a sort of phenomenological representation of the two-pion-exchange contributions. In· order to· discuss this possibility, we try to analyze hL -h2l;r in terms of 7C + vector + scalar. The results are given in Table IV . - (7) . Our results, however, are practically unchanged even if the condition (7) is imposed on the present analysis, which will be demonstrated in a succeeding paperY)
From Table IV, we can see that the coupling constant gs2/4:7C is negative for large tmax. This is due to the fact that the contributions from the two-pion exchange are very large, especially the part corresponding to the effect of the scalar meson. This is also clear from the fact that the cases with .scalar meson give much better fit than those without scalar meson. The coupling constant !gs2/47C! of scalar meson decreases as tmax decreases and reaches zero for t max r-J9/i. If we choose t max r-J9/1 2 the scalar meson is no longer necessary and its role can be taken over by the 1=0, L = 0 part of the two-pi on-exchange contributions. The value 9/12 for tmax corresponds to the threshold of three-pion-exchange continuum, This, however, is nothing but a mere coincidence at present. We have s. Furuichi of Table IV , (with two "pi on exchange). In other words, if we assume t max r-J9/i, then the correlated two-pion-exchange effect like the p meson is necessary in addition to the uncorrelated part of twopion-exchange effects for the 1=1 pion-pion state. The ~oupling constant~ of the correlated part may be much the same as in the one-boson-exchange model (about ~10% less than the latter) .*) § 4<. Three-pion-exchange contributions So far we have assumed only the one-and two-pion-exchange amplitudes for the left-hand-cut contributions except for the vector-meson-exchange effects, to which the (j) meson, a correlated three-pion state, is considerably responsib~e. It is, however,' quite possible that other types of three-pion-exchange effects may compete with two-pion-exchange effects. Therefore, consideration of the threepion exchange is desirable for the analysis of the two-pion-exchange effects to be meaningful. ' As the theoretical calculation of the three-pi on-exchange contributions has beel} virtually non-existent on the same level as the hvo-pion exchange, ,ve have to make some phenomenological analysis.
In the energy region under discussion the three-pion-exchange effects may be bosonized into four modes as 1=0 vector boson exchange, 1=1 pseudoscalar boson exchange, 1=1 axial vector boson (axial vector coupling) exchange and 1 = 0 axial vector boson (pseudotensor coupling) exchange,4) just as the two-pion exchange is well approximated by the 1=0 scalar boson exchange and the 1=1 vector boson exchange in this energy region.
)
Of these four modes the 1=0 vector boson mode is considered to involve the OH11eson effect which is required in the OBEmodel. 111: the following we try to estimate phenomenologically how much other modes may contribute. Fortunately, most of these three-pion modes do not mix up with the twopion modes and it 'will be possible to express the right-hand side of Eq. (4) by five mesons: 
One-Bason-Exchange A10des and Two-and Three-Pion Exchange
If "\ve obtain the solution for which X!in is smaller than t+ ,dt*) and the coupling constant g/ for the corresponding three-pion mode is positive, we consider contribution from this mode as meaningful. 
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In these cases the violation of the condition (7) is slight and this condition is satisfied by small change of coupling constants. In any case the results are essentially unchanged by the fulfilment of this condition. .
compensated by the three-pion modes and (2) the uncorrelated two-pion-exchange . amplitudes have to be cut off at tm~xr----9Ii in order to give physical effects con-*) The Stan0(lrd devi?.tion of !?2, L/!?2 is given by V2~2. In the present case ~2 is 11'""'1:-3 fmd L/~2,"",~. 
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: / Table VI. F or illustration, let us take the case of V and PS. modes for 3n which is given in Fig. 1 (c) We have obtained the same results for A V(PT) (but no simultaneous contribution of A V(A V)). The similar conclusion can also be obtained for t max =8!i. Table VII .
From this table we can see that the effects of higher resonances are very' small. This smallness of higher resonance contributions comes from the following facts: (i) For t<20/1\ cancellation occurs among the contributions from higher resonances other than the J(1236) resonance for the 1= L = 0 two-pion state, though we have slight enhancement in the I =L = 1 state.
(ii) The requirement of small tmax such as -:::';9/12 results in the fact that the . main features of the two-pion exchange are given by the 1= L = 0 part and the 1= L = 1 part becomes p-meson dominant.
Using these amplitudes, we have repeated the same kind of analysis which has given Table IV "--' VI. We show the results for the case hex -h 2 n: = n + V + S and the case of hex -h 2n: = rr + V + (3rr) in Tables VIII and IX, respectively: We In this paper we have shown the following, if we assume the un correlated two-pion-exchange amplitudes calculated by Furuichi andW atari:
(1) The squared sum of the momentum of the exchanged pions, t = -(k 1 + 1~2)2 should be cut off at t rnax r--J9j.i to give the nucleon-nucleOli amplitudes consistent with experiment.
(2) In this case the 1=0 scalar meson is not required to explain the nucleonnucleon data (we would like to stress that the two-pion-exchange effects discussed in this paper are those of uncorrelated parts). (3) , About the three-pion-exchange contributions, all the modes could not have large effects except for the vector mode, though some contributions are allowed if we take smaller g",2/4n than 14.4, the usually assumed value, and we have g~v/ 4n<10and g~s/ 4rr<20. It is the future problem to clarify whether the field theOl'etical calculation can give results consistent with the present analysis.
In this paper we have not included the T = 0 nucleon-nucleon states. This is because the consideration of T = 0 states would not play an important role for obtaining the above results. It may just help to complicate the analysis. It is the same reason why "ve have fixed the masses fo~' the three-pion-exchange modes by those of the existing resonances. There is no a prior£ justification for this, but the change of these masses does not improve X~in essentially. The mass for the scalar meson is very influential on the value of X~in' The present value 450 MeV is near to the optimum.
g )
More detailed analysis of the two-pion-exchange contributions considering both T=O and 1 nucleon-nucleon states will be given in a succeeding paper.9)
